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AKTX,aJII,HOCTI, TeM!l 

B HaCTOJmlee Bpe!WI ID.re!OTC.I! BecKHe OCHOBaHH!I C'IHTaTI, KBaHTOBYJO 
xpoMO,u;mI&mKY (KX.n) npaBRJII,HOit TeOpHett CRJII,HHX B3aHMo;n;ettcTBHtt 8JieMeH
TapHHX 'lacnm. 

' 
IlpE:CY111ee 8TOit TeopHH CBOitCTBO aCHMTITOTll1IeCKOtt CB06o,ll;!/'1/ BH,ll;e

JIIIeT Mace T.H. JKSCTKWC nponeccoB, ~ HCCJie,IJ;OBaHH!I KOTOPHX npHMeHH
Mll MeTO,ll;ll, OCHOBaHHlie Ha Teop:im BO3MYDteHHit. IlpoBepita cnpaBe.wmBOCTH 
BaJKHe:lh!mx IlOJIOJKeHHit KX.l{ B 3Ha'llrreJII,Hott Mepe CBll3aHa C TeopeTH'!eCKHM 
H 8KCnepm.reHT8JII,HllM H3yqeHHeM TaKHX nponeccoB. 

Oco6oe MeCTO cpe,IJ;H HHX saHHMaeT I'JIY6OKOHeynpyroe paccemme, llH
K1Iil3HBH!le xapaKTepHCTHKII KOToporo CJIY]KaT HCTO'IHHKOM neHHott HH\POPMa
rnm O CTPYKTYPe H CBOitCT~ a,IJ;poHHOtt Ma.Tepe B M8JiliX npocTpaHCTDeH
HO-BpeMemm:x: MaClll'ra6ax 12 • 

B OCHOBe COBpeMeHHoro llOHHMWmll .u;IDIEIMllltH I'JIY6OKOHeynpyrHX B3a
HMO;n;ettcTBHtt JiexaT npe;n;c~emm O napTOHHOit CTPYKTYP8 8,Iij)OHOB, Bnep
Bli8 Bll,ItBHHYTHe ~t!HMa.Hot.ff KBaliTODOllOJieDOe O6'LJICHe:ime 8THX npe;n;CTaB
JieHHit 61:lJIO H~eHO B KX.n. 0,IJ;HaKO mneKaDllElJI H3 ,IJ;aHHOit Teopm,: nap
TOHHM MO,IJ;eJil, '4-?/ OTJill1IaeTCSI OT O6H'IHOit WSttliMaHOBCKOit MO,IJ;BJIH. 
~Krnm pacnpe;n;eJieHWI KBa.pKOB H I'JillOHOB D 8,ltllOHa.X 38.BHCSIT B KX.l{ 
He TOJII,KO OT 61,epKeHOBCKOtt nepeMBHHOI :J!. , HO TaKJKe H OT KBa.zt-
paTa nepe,IJ;aHHHOI'O 8,ltllOHY 4-m.myJII,Ca ()2. . B Jl8.MK8X T8OPlm B03?q
DteHHit 61:lJIH llOJIY'l8Hli 8DOJmnHOHHHe ypaBHeHRII /B,97, KOTOPUM llO,It'llIHlll)T
CSI \PYHKinm pacnpe;n;en:emm KBapKOD H I'JIJ>OHOB B KX.ll. TaKafl MO,ll;Hlpliitanml 
WSllIMBHOBCKOtt MO,ll;BJIH, aa'laCTYJ) Haa!lllaeMa/1 KX.IJ:- llapTOHHOtt MO,IJ;eJII,D, 
CJIYJ!HT B HaCTOJmlee BpeM!i OCHOBOtt ~ 8.HaJIHaa I'JIY6OKOH8ynpy!'li!X nponec
COB. Mellr,lly TeM B ,ll;a.HHOtt MO,ll;BJIH CYllleCTBYeT 3H!I'IHTeJII,Hlrl!: \PY}1Knll:OH8JII,
mdt npoH3BOJI, CBR:38.HHlrl!: C TeopeTH'l:eCKOtt Heonpe;n;en:eHHOCTI,D Ha'laJII,H!lX 
YCJIOBll:tt 8BOJillltliOHHHX ypmmeHHtt. HatiaJII>Hlle YCJIOBRII He JIBJIJt!OTCJi npe;n;
U.STOM Teopmi: BO8MYDteHHit lt noKa He U,OI'YT 6HT1, Dll'lltCJiemr CTpoI'O B par,t-
Kax KX,U. JJ..'!fl HX sa.namm Tpe6yeTC.I! npHBJie'leHRe ;n;onOJIHRTeJII>Hott HH\POP
Mamm, nanpm1ep, D IDI,D;e <pli8H'l8CKII co;n;epllW.TeJII,HJiX MO;n;e.n:e:fi, llOCTpOeH
HHX D COI'JiaCIDI c OCHODHHMll IlOJIO.lKSHWIMH KX.D,. BH60p onpe;n;e.n:emrnx Ha-
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tJaJII,Hl,IX yCJIOIDIB IlpllBO,ll;llT It H8KOTOpoii KO.HKpeTHOll peaJlllsrunm KX.ll-nap

TOHHOll MO,ll;eJill. 

PemeHIDI aBOJIIOIUIOHHllX yp8.BHemrll MOlKHO npe,n;CTBlU:lTI, 'IJIICJIOBllMll Ta6-
Jllll.l8.Mli, BOCIIOJU,30B8.BlllliCI, T8M HJilI IDlliM tJIICJieillillM 8JII'OPRTMOM me Ha
xo~eHIDI /IO/. O.nn_ruto Trutoe npe,n;cTaBJieHHe Hey,n;o6Ho ~ IIcnom,soBa
HmI B npwroxeHIDIX, 06.nacTI> ero IIPID/18.Hl!MOCTH 0Ylll8CTBSHHO orpaHHtJeHa. 
B CB!I3lI C 8Tl'!M Borrpoc o H8.ll60Jiee PrunIOHaJ.Il>HOM rrpe,n:cTaBJISHHH rrpe,n;cKa-
3amrll KX.U ~ r.7IY60K0Heyrrpyrmc rrpoueccoB pasBllllaJIC/I B rroCJie,n;Hee 
Bpewi: B HarrparureHHH IIOlICKa IIPH6Jfle¥W pememrll 8BOJilOIUIOHHHX ypaBHe_
HHit B HBHOM aHaJll:lTll'ieCKOM mme II-~3 . 

3HatJIITe.m,}Wit rrporpecc ,ll;OCTIIrHYT TaIOKe B H3ytJ8HHH llt8CTKIDC yrrpy
rmc n KBa8IIYIIPyrIDC JISIITOH-8,I(J)OHHHX rrpoueccoB. B paMKaX. KX.Il 6WIO 

IIOKa8aHO, 'IJTO aCnMIITOTll'i8CK08 ( a 2._ c,o) IIOBe,n;eIDie 8,I(J)OHHHX <popM
~aKTOPOB orrpe,n;SJIHSTCH MeX~3MOM '8CTKOro rrepepacceHHHH KBapKOB, T.e. 
a@leh.'TB.MR M8JillX paccTOHHHii I4-I8 • TeM CaMWII 6WIO o6oCHOBaHO rrpm.m
HSHH8 B ,ll;aHHOM BOIIpoce MBTO,ll;OB Teop:nn B03~emrll. Ha 8TOit OCHOBe 
y,n;aJIOCI, BOCIIpolI3BSCTlI B KX.Il rrpaBR1Ia pasMepHoro KBapKOBOro ctJeTa /I9/ 
C TO'IJHOCTI,D .n:o JIOrapIIq!MlitJBCKOro ~opa. Ew!II BHII°7:f8}W iOHKPSTHHe 
pactJBTH 8JI8KT,Q0)4lll'lll!TlWX <IioP.~BiKTOB)JB 'fi - M830Ha I4-I? , BeKTOP-
lWX MeaoHoB 1161 , 6apIIoHoB 7I /,/2 I. . . 

0,nHaKO 8KCTparrOJIHUHH <IioPMYJI,OCHOBammx: Ha MBXaHHSMe lltSCTKOro 
rrepepacceHHHH, B 06.naCTI, YMSPSHHHX rrepe,n;atJ rrpllllO,ll;llT K paSHO-
rJiacmo C 8KCII8pIDIISHTaJII,HHMH ,JJ;aHHHMII. B CBII3II C 8TRM 6wro BHCKa3aHO 
rrpe,ll;IIOJIOllt8HlI8 0 TOM, 'IJTO YIIOMlllYTH8 qioprzyJIH HOCHT cyry6o acHMII'iOTII
tJecrotlt xapaKTep ll rrpn 8KCII8Pl'!M8HTaJII,HO ,JJ;OCTnrHYTHX SHa'l!eHmIX G. 
Ha IIOBS,ll;BHHS yrrpyrmc II KBasnyrrpyrmc npoueccoB CYll!eCTBeHHoe BJmlllilIS 
OKa3HBaeT 06.naCTI, KBapKOBOro KOH~attHM8HTa/2I{ IIOCKOJII,KY rrp0TeKaIOIIlll8 
B Heit HBJieHlll! He MOryT 6iiTI, ytJTeHH CTporo B.p8.MK8.X KX.U, rrpno6peTaeT 
aKTYaJil>HOCTI, paapa6oTKa ~HOM8HOJIOI'lI'leCKJi!X IIO,IJ;X:O,ll;OB ~ me ytJeTa. 
OTO II03BOJil!ST lI8ytJIITI, HeKOTOplie acrreKTH ,ll;llH8.MJilltlI yKasamwx npouec
COB, rrpIIBJieKaH_HapiI,IJY C TeopeTlI'IJSC!CID,nI npe,ll;IIOCWIKaMH HMelJ$IeCSI aKcne
pHMeHTaJII,Hli8 ,JJ;aHHHS. 

0,n;Ha E'.8 B03MOJltHOCTeit ~HOMBHOJIOI'E'.'IeCKOro ytJBTa aqqieitTOB KOHg)ai!H
MSHTa COCTrT B IIPIDIIBHSHHE'. IIpaBWI CYMM, ,ll;llCIIepClIOHHOro TE'.Ila. TaKOtt 
IIO,IJ;X:O,ll; / 22 C ycnexoM 6WI IIPHMeHeH K lI3ytJeHHD IIpoUeCCOB e+ e--aHHH

I'1t7Ifir(lll!, Mace n lllllplIH pacna,n;a MesoHoB. 

UeJI1> pa6oTH -nocTPoeHHe KOHKpeTHott pea,msaznm KBaHToBoxpoMO,n;ma
MHtJecKOtt napToHHott MO,JJ;eJIH; nOJIYtJeHHe npz6Jrm,cemmx pememrll BBOJIJJUHOH- · 
HllX ypaBHBmrll KX,U B HBHOM aHwmTl'ABCKOM BH,D;e;paspa6oTKa no,mco,n;a K yrr
pyrm& n KBasuynpyrm.t JIBIITOH-HYMOHHHM npouecca.M np:e: YM8P8HHHX nepe.n:a-
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'l!ax Ha OCHOBe KOHe1ll!08HepreTII'IJSCKHX IIpaBWI cyt!M; pactJeT CetJemrll, 
CTPYK1'YPHllX <PYHKUH:lt, qiopL$1K'ropoB r.7IY60KOHeyrrpyrmc, KBaanynpyrmc II 

yrrpyrmc JieIITOH-HYRJIOHHHX npoueccoB; rrpm,teHeHHe IIOJIYtJeHHHX pesym,Ta
TOB ~ OIIHCamm 8KCnepl'lMSHTaJII,Hl,IX ,n;rurn:blX. 

HAY1Il!AH HOBHSHA. H IIPAKTWIECKAH UEHHOCTl> 

B ,ll;HCCe!)Trunm IIOCTpoeHa ~HOMeHOJIOrntJ8CKall MO,n;em, Ha'l!aJII,lWX 
yOJioBH:lt 8BOJIJJnKOHHHX ypaBHemtlt KX.!l. OCHOBY MO,ll;BJIH COCT8.B.7IIIDT 8CT8CT
B8HHH8 C TO'llm speHlll! KX,Il npe,ll;IIOJIOllt8HRII O KBapK-rJIOOHHOit CTPYKTYpe 
8,IU)OHOB. B pesym,TaTe onpe,n;eJiemm Ha'l!aJII>lWX YCJIOBH:lt IIOJIY'IJBHa KOH
ltp8TH8Ji pewms~ KX,U - IIB!)TOHHOtt MO,JJ;eJIH. 

B JU!HOM aHWIHTH'l!8CKOM Bll,ll;8 mut,n;eH!i np:e:6JJmteHHHe pemeHRII 8BOJIX>
imommx ypaBHemtlt B rJiaBHOM Jiorap:l!q.MII'IJecKoM npn6.nmlteHHH n CJie,IzyX>
meM IIOplI,IUte KX,Il - Teopmr BOSMYJJleHH:lt. 

IlpoBe,JJ;eH aHaJm3 ~ IIOnpaBOK BToporo IIOp!l,ll;K8. KX.Il -Teope 
BOSMYJJl8Hltlt Ha IIOB8,ll;8HHe OTPYKTYPlWX qJyHK[(ltl!: r.7IY60KOHeyrrpyroro JI8II
TOH-HYK1IOHHOro paccemnm. 

. Bli'l!HOJieHH 2TPYitTYPHHe <PYH~ n cetJemm r.7IYOOK0Heynpyroroe'J'JP, 
e(J"') d- • P(V)N - paocemnm,HHRJIDsHBHoro pollr,Itemm o-qapoBamwx 

tJaOTHU B JI( ii} N - BsaHMo,n;ettcTmmx. Pac'lleTH npoBe,n;eHH c ,ytJeToM KH
HeMaTHtJecIGDC a<IqieitTOB B rJiaBHOM,IIOrapHqJMl!tleCKOM np:e:6JJmteHHH H CJI8.n:yl)-
111eM IIOp!I.IUte KX.U- T80p:e:ll BOSMYJJlemrll. 

Ilpe~Ollt8Hli IIPaBWia C'JMM KOH81ll!OaHepreTlitJ8CKOro THIIS ~ CTPYK
TyplWX <PYH.KUJidt JISIITOH-HYK1IOHHOI'O paccemnm. 

)l!m me ~PMYJIHPOBKH HCII01II,80BaHa HOBM CKeitmmI'OBSJi nepeMeH
HaJI, g,eHOM8H01IOrH'l!eCKH ytJE'.TllB8DJl8,ll HBKOTOpHe a<IqieKTH KOHgiaitHM8HTa. 

Ha OCHOBe npe~Ollt8HHHX npaB:wr OYMM paSBHT ,n;yaJil>Hldl: no.mco.n: K 
2 

yrrpyrnM H KBaBzyIIpyrm,'I JI8IITOH-HYRJIOHHHM nponecca.M np:e: YM8P8HHHX Q • 
B paMKaX no,D;Xo,na·nOJiytJeHa na!)ToHono~o6Haa: Ka!)THHa aTBX npoueccoB, 
YOTaHOBJieHa C:BR:SI, qioplltf)aKTopoB O <pyHKinw.nt pacnpe,n;e.,remm BaJleHTHliX 
KBaPROB B HYMOHe. pacc'l!HTSHH CJIQOHe H BJieitTpoMal'HHTHHe qiopr.spaKTopH 

J) P - 11++ c .. + HYRJIOHa, IIOJIHH8 08'1!8Hml pea.xud + -. jU + Ll I I. ; 
+ ++ + ' 

J) + n - Jr+ CO ( CL • C O - o'llapoBaHHHe 6ap:e:o-
HH). Ilpe,n;cxasamm xopomo oorJiacymCli o aKcnepHMeHTMLHWm ,ll;8.HHliMP[. 

l1IDI 3AIIMTli BWIBHI'ADI'Cff ClllE,WIIUHE OCHOBH!IB PE3YJThTATU: 

I. IlocTpoeaa oTaTxcTHtJecKS.!I napToHHaa: MO'AeJI~ c pe):QleBCKOI acmm
TOTHKOI. 

2. IlOJiytJeHa KOH.Kp8TH8Ji pea,ms~ KB8.HTOBOxpoMO,ll;llH8MlN80KOI 
IIal)TOHHOI MO,JJ;eJIH nocpe,n;cTBOM Sa,n;a.JmlI HS'l!aJlliHHX YOJIOBd 9BOJillIU[OHHHX 
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ypaBHe:imft KX.n Ha OCHOBe CTaTHCTmleCKOtt napToHHott MO,tteJIR C pe,Il;llteBCKOfi 
acm.mTOTHKOfi. 

3. B HBHOM 8.H8JIHTH'i8CKOM mute Haimem. qzyll~ pacnpe,tteJieHM 
KBapKOB H rJIJOOHOB B HYKJIOHe, C BHCOKOtt TO"IHOCTI,ID Y.ttOBJI8TBOp!IXIItl:I8 
3Bom:inHOHHHM ypaBH8HHIIM KXJJ: B rJiaBHOM JiorapHq:OOI'leCKOM npH6Jnmemm 
H CJI8,tzyl!Ill8M no~ T80plm_B03?zy!Ilemtii. 

4. ITOJIY'leHH npe,ttcKasamm KX.n-naPToHHofi MO.tteJIH ~ CTPYKTYPHHX 
~ H 08'!8:imft rJIY60KOHeynpyroro e (}') p- , e (.f) r;{-, lf (1) }/ -
paccerumR:, IDIKJm3HBHoro poJK,IJ;eHM o'lapoB8.HHIDC 'lacT~ B J){p) JI -Bsa
HMO,tteficTBHHX. PactJeTH npoBe,tteHH B rJiaBHOM JIOrapl!qiMHtiecKOM npH6Jm
llt8Hlm H CJI8,tzyl!Ill8M nopa~e KX.Il:-TeopIDI B03?zy!Ile:imft. Y'IT8HH KHH8MB.TH
'l8CKH8 mccowe H noporonue sqxf.eKTH, IIpe,ncKasamm xopomo corJiacYJOT-

. CR'. C nmpoKofi COBOKYIIHOCTI,ID aKcnepmt.eHTaJibHHX ,tta.HHHX. 

5. Ilpe,wroJK.eHH npaIDIJia CYMM KoHe1:JHoaHepreTmi:ec1toro THna ~ 
CTPYKTypHHX qzyll~ JI8IlTOH-HY!tlIOHHOI'O paccemm.R:. 

6. Pa3BllT ~aJil>HHfi IlO,ItlCO,tt K ynpyrHM H KBa3HynpyrHM JI8IlTOH
HYKJIOHHHM npo~eCCaM np:a YM8P8HHHX Q2 • OcHOBY IlO,ItXOM COCTaBJIII
roT npewrollteHHHe npaBmra CYMM, B KOTOPHX HCIIOJ!b30Ba.Ha HOBal! CRefbm:H
ronaa: IIepeMeHHaa:, q\eHOM8HOJIOI'H'!BCKH y<mTHBaTOlllrut HeKOTopue llqxp8KTH 
KOH(pait!iMeHTa. 

B pa.MKaX ~SJII,HOI'O IlO,ItlCO,tta IlOJIY'leHa napTOHOilO,I(OOHast KaPTHHa 
ynpyrmc lI KBas:aynpyrmc JIBilTOH-HYKJIOHHHX npo~eccoB, YCT8.HOB7I8Ha 
CBll3l, l:tlC qiopMiJaKTOpoB C q,yma:nmMII pacnpe,n:eJieHRR: BaJ.I8HTHHX KBapKoB 
B HY!tlIOHe, pacc'IHTaHH CJIM!le H 8JIBKTP0Mal'HRTHH8 qioJ>MI)aRTopH HYKJIOHa, 

++ ' 
IIOJIJme ce'ieHM pesoHaHcHoro polK,Il;eHM A - :aaooapu n otJapoBaH-.-' -HHX C:.!, Co-i6ap:aoHOB B V(Vi,/- nsam.ro,n:ettcTBHJDC. Ilpe,n:clta3a.Imll xopomo 
corJiaCYJOTCJl C HMElIOl!lHMl!CR'. llKCilBPHMeHTaJIJ,HHMH ,It8.HHHMH. 

Anpo6aµmt lll!Cce m:arqm; 

OcHOBHHe Ma.Tep:aaJ.IH 'Al{CC8PTa.mtll ~M8,D;lil38JIHC1, Ha ceMHHapax 
Jiaoopa,;copm TeopeTK'iBCKOit ~s:aKH, JiaoopaTopim SI'Aepmi:x: npodJieM 
06'L8'Alili8HHOI'O HHCTRTYT8 SI'Aepmcc HCCJI8,I(OBrumil:, Ha ceccimx OH~ AH 
CCCP, aa BcecoJOsHHX :a MeJlf,lzyHapo,nHwc KOmpepe~. 

nyq.,npqmm; 
!Io M8T8l)J!aJiaM 'Al{OCe!)Tamm ony6Jm:KoB8HO IO CTaTe:!t •. 

06"LeM pa6oTH 

.Iutccepr~ COCTOJilT HS BBe,I(8HJDl, orpex rJiaB H 88.It1Ill'i8HKII, CO,tt8plm'r 
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128 CTpamm MBJIIHHOIIRCHOro T8KCTa, 20 PHCYHKOB, 3 Ta6Jnmil n OH6-
JIHOI'paqnr<iec.Klitt CIIRCOK JIHTepaTypll H3 I63 H83Ba.HHtt. 

COJJ;filPJB'.AliijE PAEOTl:l 

Bo BBBJJ:8Hlm ,n:aeTCR'. .KpaTrotll 0030P COBp8M8HHOI'O COCTOJUmlt Teo
PlilI xeCTRllX BSam.10,ttettcTBHfi JI8IlTOHOB C 8,IIPOH8.Mll, OCHOBaHHott Ha KBaH-
TOBOtt Xp0MO'Alili8MHK8. 060YJ!Ut88TCJI aKTYaJ.II>HOCTI, BOnpOCOB, 38TPOHY-
THX B 'Al{CcepTarnm:. 

IIepBM rJiaB8 IlOCBSl!lleHa IlOCTpoemm CT8THCTH'l8CKOfi Il8PTOHHott MO
,I(eJIR C pe.n;m:eBCKOit acm.mToTHKOfi, npe,n:cKa8a.Imll KOTOpott HCilOJII,3yroTCJl 
~ Sa,nrumll H8'!8JII,HHX yCJioBHit 3BQJIDimOHHHX ypaBHeHIItt KX.n. 

B § I paccMOTpeHH 00Illli8 Bonpocu IlPHMBHeHH.lI KXJJ: K H3y'!emm rJIYOO
KOHeynpyroro paccemm.R:. ,Uruw: CTaH.I(apTHHe orrpe,n:eJieHmt qzyl!Km!tt pacnpe
,n:eJieHRli KBapKOB H rJIJOOHOB B rJiaBHOM Jiorap:ag)MK'ieCKOM npHdJilixBHHlI H 
CJI8,tzyl!Il!BM no~e KX.Il::..TeopHH B03?zy!IleHHfi. IlpHBe,n:eHH 3Bom:inHOHHHB 
ypaBHBHRli, KOTOpb!M OHH IlO,rrmH!Il()TCSI, YKa3aHH qx>PMYJI!l, CBft3Im8Ditl'I8 RX 

co CTPYKTYPHHMII qzyl!KinmMI!. 

B § 2 cq>opMYJIHpoBaHll OCHOBHHe llOJIOllteHWI CTaTHCTH'IBCKOtt Il8PTOHHOit 
MO,I(BJIH C pe.n;lKBBCKOii acm.mTOTHKOfi. Mo,n:eJIJ, HOXO,I(HT H3 npe,n:nOJIOJJtemt/I 0 
B03MOXHOCTH BOCCTalIOB7I8HM 4lYH~ pacnpe,n:eJieHM 1-v, J, H :f~ 
COOTBBTCTBBHHO BaJIBHTHIDC, MOpCIOiX KBapKOB H rJIJOOHOB BO BC8M ruITepBaJie 
H3MeHBHlUI OI,Sl)KBHOBCKOil: nepeMBHHOil: (0~ X. f I) no we IlOBe~eHHJO B OKpecT

HOCTH X"' O, T.e. 
A. • -.h c.~, a:> == fi (lJ ( f I :x:) .Xe [O, i], (I) 

r.n:e 

( (x,ri;) ;;:::
0 
~ <x~o:). 

OdJiaCTl, MaJIHX 3HatJeHHit :;txapaKTepH3y6TCSI 60Jlbmo11: MHOlKBCTBBHHOCTI,ID 
napTOHOB H OTCYTCTBHBM KmiBMaTH'!80KHX KOppeJIStiniit MeX.I(y HHMH. KpoMe 
TOI'O I JC - 0 OOOTB8TCTBY8T ,pe.n;lKBBCKOMY IIp8,I(8JIY J} - oo , ()'1·=cOt1Si_ 

3TO Il03BOJifIBT npHB7I8'!1, K Haxo,r;n;eHHID npe,I(eJII,HliX 4lYHKmifi paonpe,n:eJieHM 
J.i KBapitOB H rJmOHOB H8KOTOp!le IIOJIOX8HM CTl;\_THCTH'l8CKOtt TBOPHH H pe,n:
X8BCKHit allaJIH8.3KCTpano.,mpynnae onepaTopu.#,·noCTP,OeHH B paMRaX CT8THC
T1I'IBCKOI'O ITaPTOHHOro llO,ItXOM E1,ep1teHa,IlacKOca"237x l{yTH, Ba.ttcKOII(l>a 

/ 241, Cq>opMYJIHpoBalIHOI'O B JIOpe~eBott CHOTBMe OTC'IBTa 6ecKOH8'iHOro 
m,myJil,08 a,n:poHa ( [ M F) • Bn.n: onepaTopoB /4 llOJIY'l8H HCXO,nll J/IS 
~ 8CT8CTBBHHHX C TO'IKH speHM' KXJJ: npe,n;nOJIOlKeHHH O KBal)K-rJIIDOiqIOit 
CTpyKType 8,IIPOHOB. 
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B § 3 RCCJie,nyIOTCH pacXO;rmMOCTR, B03IDIBaPJlllle B pesyJI:&TaTe qio_p-
MM:&HO~ npm.reHeHlllI onepaTopoB JI., K npe~eJU,HllM q)yH~ pacnpe~e
JieHlllI :f. , 3~aHHllM B pe,ItllteBCKOit qiopMe. IlpH'Imtoit RX B03HRKHOBeHW! 

~ ~ 

SIBJilieTCSI HeorpruruqeHHOCT:& tJRCJia MO:PCKHX KBapK-aHTUKBapROmoc_nap R 
rJIIOOHOB. HaJIR'me YCJIOBRit HOPMlIP0BKR WlfI q)yH~ pacnpe~eJieHR/I 5-, 
Il03BOJm7IO IlOCJie~oBaTeJI:&HO RC.IaIIO'IRTI, Bee pacxo;n:m.mcTR li3 Ha6mmae
Mme BeJilf'mH. 

B § 4 IlOJiyqeHU KOHetnrue HOpMRpoBaHHlle BllpruKeHlllI WlfI q)yH~ 
pacnpe~eJieHlllI KBapKOB R rJIIOOHOB B pa8JIR"rnUX ~Hax. HyRJioHHUe pac
npe~eJieHWI m.teIOT Bim: 

- 1z. 1-X) 7:1. CQ]j 
.f ('JC, a:) = _x. __ c ---

v B ( q2., 'i:;_<Q:)+i.) D 
(2.J 2. 

1 
( f-:x., Go") , 

r.- 2 ,.._ a. CZ- (Q/)+1 (3) 
r ("" Qz.) - l,<Qo)- la,(Qo') (f-X) t. :D If-:)! {),zJ rs "'-, o - 8 ~ ,~ ~ o , c2> 

!3 (X,Q;) = CZ-~a:J e-J/Oo'J•x (1-X.)T"t_(Q.2;+f DJ(3&-x, a:;, 
r~e 

· rh r- a. r.- z X. • R (Q'l.)•CL) D ~K( ,a:)= I Cl2CQ0J,L1(Qo)+ 2 ,-r, 0 er 

L ~ o/(1z(Q:), ~(Q.a.J+f ;-j;.(Of)) 

cp(J., ~; :1:) - BllJ)OJK.IteHHaR: rRnepreoMeTpKtiecKaa q)yHronm. 

Bo BTOpol rJia.Be npR6.mmeHHO pemeHH 8BOJIJltij{OHHlie ypami8HBII KX.I(, 
Ha ocHoBe ncmyqemmx: pemeHRit RsyqeHU HeKOTopue r.7IY601t0HeynpyrRe Jien
ToH-HYMOHHHe npo~eccu. 

B § I C llOMOIIU>l) Bap:r.m.In!OHHOI'O MeTO~ npo6mrx: q)yH~ ncmyqeHU 
B JmHOM aHSJmTHtlecROM mme n:pR6.JmxeHHHe pememm s~ommx: ypan
He:iml B rJIW3!IOM JiorapR(pMR'ieCKOM npR6.1r:rDemm: R °'e,IJYll!leM llOpll.1lK8 KX,U-. 
- T80pm1I BOS~emu!. B pime H3B8CTHHX llO;ItlCO~OB rr-r3/ WlfI 3~ 
Ha'i8JI~ YCJIOmtlt SBOJIXltn!OHiiHX ypa.BHeHRit,. a TaIOEe BR.ml X. -3aBRCRMOC
Tl! me n:pR6.mD£emmx: pemeHd RCilOJlliSymTCH He Hecym:e:e pe8Jil>HOI CMllCJIO
BOI HarpyS!G'I 8MllRl)RtI80lGie napaMBTpHsarom axcneplllM8HT8JI:&HHX ;D;ammx. 
IlO;ItlCO;D;, l!SJiaraeM!ll B HaCTMllt8M napa.rpa4le ,He ·omtpaeT_dli_ Ha no;11;06HUe 
SMDJII)Jf'l8CKR8 napaMeTplt3~, a l!C.XO;D;l!T HS npe~CKaSBJmit CTaTKCTll'l80-
.KOI na:pTOHHOI MO~MR C pe,Itl!eBCKOI acmmTOTmtOI. :3To llOSBOJ.tlteT ;D;OC
Tll'll> 60JII,11!8I Odll1HOCTJ/t B R3y'i8HHH pa:imrnmx r.7IY60K0Heynpyrm: nponeo-
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COB, coxprumT:& MHOrHe CB!l3R,cymecTBYJl)lllHe MeJK,Dy Hmm, li IlOJIY'll!Tl, 
y~06HYJO B npWIOXeHWIX ROHKpeTHYJ(l pe8.1IH3~ KX.1(- napTOHHOit MO~eJIR. 

B Ka'i8CTB8 Ha"laJI:&HllX YCJIOBRit 8BOJIIQIUlOHHllX ypaBHeHHit RCilOJI:&30-
BaHU Bll:p8llt8HHli (2). Ilpm5JililKeIIlW8 pemeHWI BU6paHU B TOM lite Bll,Il;e' HO 

' /'l2. 
C napar.rerrpru.m, 3aBRcmmIMR OT U1 • 3Ta 3aBRCRMOCT:& 3~aHa B JIHHeinloM 
npn6Jmlltemm no CT~apTHOfi 9BOJIIQIUlOHHOit nepeMeHHOit S: 

er ca-i.> - r-< 0
' er c1'·s i. - i -t ,·, 

~ L (Q") = '(O) + pt>. s t 

s =-enci 2(Q'l.)/jca:;). 
(3) 

-2. 
r~e i ( Q2

) -"6eryma.R:" KOHCTaHTa KBBpK-rJIIOOHHOI'O B38lIMO.Il:8itCTBHlI. 
Ilap8M8Tpu T !01 R <

0
bnpe~eJieHH RS 3 KCnepEMeHTaJI:&HllX ~ammx t T.'1.J1 

1?~
1~ac-e. ,r . , r, 

C"lliTaHU HCXOWI HS 9BOJIJOUROHHHX ypB.BHeHRit. BupallteHWI (2) C napa.MeTpa-
MH,Hait;D;eHIWMR B qiopMe (3),npe,ncTaBJ!IDJT co6ott npR6JmllteHHUe pemeHWI 
SBOJIJOUROHHUX ypa.BHeHm! KX.I(. Katt ll0Ka88JI aH8.JIH8, norpellIHOCTli Hal,neH
HllX npR6Jmlltemmx: ~emeHRit He npeBHDiaIOT 7 -:- 8 % BIL1IOT:& .no 
a_~rv 28·I03i'aB. IlpR yw3H:&meHRR Q.a norpellIHOCTl! y6UB8lllT. 

B § 2 HSy'ieH BOnpoc O BJIKIIHRl'I nonpaBOR BToporo IlOp!I.Il:Ka KX.I( 
- Teopo BOS~eHRit Ha IlOBe~eHJIIe CTPYRTYPHllX q)yH~ r.7IY60ROHeynpy
roro JienToH-HYMoHHoro paccesmmI. YcTaHOBJieH oTHOCRTeJI:&Hlli1 BM~ 
nonpaBOK B pas.,mt!HUX KRHeMa.TR'iec.KHX o6JiacTroc. 

B § 3- 5 Ha OCHOBe llOJIY'i8HI!HX Il:pR6Jmlltemmx: pemeHRit pacc'IRTa-
HH CTPYRTYPHH8 q)yHK!nm, ce11eHR11 R ,Iij)Yl'Re xaprutTe:pRCTRKH rJiy6oKoHeyn
pyroro paccesmmI IlOJIRpRSOBaHHWC R HellOJJJiplt80BaHHUX SJieKTpoHOB ( Ji -
-Me30HOB) Ha llpoTOHax R ~eitTpoHax, HeitTpRHo li! aHTRHeitTpRHO Ha HYK
JIOHax B KaHaJie sap,memmx: R HeitTpaJI:&HWC TOKOB, a Taroite npouecca 
mntJJI03HBHOro o6pa30BaHWI otzapoBaliliWC 'laCTml B (aHTH-) HefiTpmIO-HYKJIOH
HllX B3am.l);D;8ICTBWDC. Fac'ieTH npoBe,neHH B rJia.BHOM JiorapR(pMR'ieCKOM 
npR6.mD£emm R CJI8;D;YDI18M llOpll.ItRe KX.I( - Teopo BOS~eHRit~ YtiTeHH KR
H8MB.THtl8C!G'I8 MaCCOB!le R noporoBHe 9M8KrH~TPYRTYPHil8 qzyHim:ml ;11;e1Tpo
Ha Hal;D;~HU C y'i8TOM q>epMlleBCKOI'O ,ItBBlleHR/I COCT8.B1lfIDlntX ero HYKJIOHOB. 
IIoxasaHo, 'ITO nOJIY11emme npe;11;cxasamm Haxo,wi:TCH B xopomeM corJiaco o 
umpoROI COBOJ.eyllHOCT:&D axcnepRMeHT8Jil>HWC ~-

B TD8Tl>81 rJiaBe pasmrr ,eya,n,Hlli1 IlO;ItlCO;D; K ynpyrRM H RB83JlIYI!pyrm4 
Jl8llTOH-HYlt1IOHHHM npo~eccSM llpJil ;yyepe~ Q2 •. 

__ J a/ llpen,IODHH II:p8l3BJia CYJ,IM KOH8'1HOBH8preTHtleCROI'O TlUUl 
(IICM 2 ) MIi CTPYRTYJ)HHX q)yHKD;d JI8llTOH-HYK1IOHHOI'O paccemms: 
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a.cai.J 

Jd(-[~(fQ;-:t~\f,a2>] =O, (4) 

a+<ai.; 

r,ne F; - Ha6JDJ~ewe Ha OIIHTe OTPYKTYPHHB gjym~, oo,nepl!tSllnte 
BKJia,nl,I BCeBOSMOJltHHX pesoHaHCOB, p.s - rJIB,JUme TeopeTR'!BOKRe CTPYK-

' TypHHe <pyHKr(IDI, BWmCJI/leM!le Ha OOHOBe KX.ll- Teopmt BOSMYllteHd. HH-
TerpHJ)OBrome B (4) npOBO,!(llTCH no OKP8CTHOCTH OT,nem.Horo pesoHaHOa. 
3TH OOOTHOmeHWI Blq)alltalOT CBOttOTBO JIOKBJibHOtt ,IJyaJibHOCTH B JienTOH
HYKJIOHHOM pacce,unm II no r;M8 8.HaJIOI'R'iHH xopomo H3B8CTHHM 6.nyM-ru
MaHOBCKRM npaBWiaM oyw/2 • B UeJI.IDC nommremm TO'iHOCTH IIPaBR71 OYMM 
(4) BB8,IJ;eHa HOBaJl OKettmmroBaJI nepeMeHHaJI f , !peHOM8HOJIOrR'!eoKR 
y,mTW38JOIIl8Jl H8KOTOpHe e<MieKTH KOH'.q>attHMeHTa : 

~ a J,t.2 
; (V,Q1.) :: ~ • [ 1. + '(jf.o (i + {+ 01/p:)] 

Q±.(a"·J = [(JJ±)Q-z.) ) V± =[Q2+ (JLIR ±IJ./-,11,/1·]/2.JU. (5) 

3,IJ;eob JU o - xapamepHHtt a.iux>~ MacmTa6; ~ . - cKeit7mHroBaJI 
nepeMeHHaJl .Il,llrop.u;im:-IIOJIIITU8pa 27 , y,mTHBamtaJI IGIH8MaTR'i8CKH8 MaC
OOBHe B<MieKTH;JU, JUR - Ma.OCH HYKJIOHa-MmIIeHII H o6pasoBaBllleI'OCSI 
Bo Bs8.m/IO,nettcTmm pesoHaHoa; Ll - npe,neJIH OXBB.Ta pesoHaHca (mI
TepB8JI ,IJy8JibHOCTH). 

- Ha OCHOBe ~l:,COHOBCKllX onepaTOPHHX pasJioxeHd B pro.max no,n
xo,na pa6oTH 127 llOJIY'IBHa BOSMOJltHaJI KX.ll -RHTepnpeTaumI llpaBWI CYMM 
(4) H nepeMeHHOtt r (5), 

B § 2 HCXO,nl{ HS npe'A7I01teHHHX llPamtlI CJMM pasmrr ,IJy8Jibmtlt llO,IJ;XO,Il; 
K ynpyrnM H KBasHynpyrnM (pe30H8l:IOHl:IM) JI6IITOH-HYKIIOHHHM npoueocaM 
llpH JMepeHHHX Q2. • Ha ·ero OCHOBe cqiopM;yJIIIpoBaHa naPT!)HOIIO,IJ;06H8JI Kap
THHa STllX nponeocoB, YCT8.HOBJieHa CB!I3b BX qx>pMpaKTOpoB C ~ 
pacnpe,neJiemm B8JI8HTHHX KBapKOB B HYKJIOHe. 

§ 3 H § 4 IlOCB!Illl8HH pao'ieTY xapamepHCTHK KOHKP6THHX npouec
QOB B pm.max ,IJy8JlbHOI'O IIO,IJ;XO,IJ;a: OJia6HX H SJieKTpoMaI'HBTHHX YIIPYI'HX 
q>opMpamopoB HYKJIOHOB, IIOJIHHX oe'ieHd pee.KIJ;ltlt Y+ P -.f"-+ t/t12 3 2) 
C;+(2.li20) H v+n_-Jr+c:(2260) (C;+ H C;-

1 

- 6ap:aoHHHe pesoHaHOH c otW.poBaHIIeM +I). IIo.,xyqemme npe,noKasa.HKll 
xopomo oorJiaoymCSI c HMellll]!MlIDSI aKonepHMeHT8JI:&BHMII ,1t8.HH!D,!H. 

B 3aKJIJ>~emm nepe~CJieHH OCHOBHH8 pesyJibT8TH, IIOJiyqemme B ,I01IC
cep-ramm. 
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